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Recent CLEO measurement of the photon spectrum
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[D. Besson et al. [CLEO Collaboration], Phys. Rev. D 74 (2006) 012003 (hep-ex/0512061)]
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m  Recent CLEO measurement of the photon spectrum

m [wo types of contributions to the photon spectrum

[T Fragmentation contributions
[1  Direct contributions
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Electromagnetic couplings to light quarks
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This type of contributions become important in the low z region
of the spectrum
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NRQCD factorization formalism

Z_E = Ci(M, 2) (X|O4|T)

Valid in the central z region

m For z — 0 the photon can only cause transitions within the
bound state. But this is the fragmentation dominated region

m For z — 1 NRQCD expansion breaks down. Collinear degrees
of freedom become relevant

0 Large log(1 — z) need to be resummed
Photiadis '85; Bauer et al. '01; Fleming and Leibovich '02 '04
[0 Shape functions must be introduced. Rothstein and wise ‘97
Can be calculated assuming Coulombic state x.c.T. and Soto ‘04
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direct direct
R . FQQ’Y . NQQ’Y
N =

Fggg Nggg
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m Extract a4 from the ratio
Fdz’rect Ndz'rect

Ry= 20 =0 R~
L'ggg 999 g

m  From the measured photon spectrum plus a theoretical model (to
extrapolate down to z = 0)

0  Nggy can be extracted

m Ny can also be determined experimentally
R is measured

m  Compare then with a theoretical expression for 2, to extract as
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m Relativistic corrections cancel at first order (they are the same for
T — ggg and T — gg7)

Previous extractions did not consistently use the same terms in the
extrapolation to z = 0 and in the expression for R,

m [he result of a parton shower Monte Carlo technique has been used for
the extrapolation (Field model) Field '83

0 The last CLEO paper also used the calculation just described (called
GS model there)

m Typically old or incomplete expressions (pre-NRQCD, ignoring octets...)
were used for the total widths

We will use the same counting employed for the calculation of the spectrum
to extract ag
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NRQCD factorization is OK for the total width. The counting used
as (pun) ~v? ag (ps) ~ v

0 We include all the terms up to O(v?): radiative corrections,
relativistic corrections and octet operators

Inclusion of all those terms well known to be potentially important
Data is now very precise and we have all the necessary theoretical
ingredients to include all the pieces
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Schematically

3 3 1 3
Fggy _ 9501350105 T 9, 35y P1("51) + €, 05(154,3py) 98 S0," Fo)

Lggg  Cgo (35,)01(3S1) +Cp (35,,P1(3S1) + 008(150’3130,351)08(15073 Py,3 S1)
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Schematically

3 3 1 3
Lggv _ “y0,3s)Q1051) +Cp 35 P1"S1) 4+ C04(154,3py) 98 50," Fo)

Lggg  Cp, (35,)01C51) +Cp 35 ,P1(351) + Cp (15, .3p,,35,)08(150,% Po,? 51)

Octet matrix elements:

m O5(15y) and Og(®P,) have been estimated in the continuum (weak
coupling)

X.G.T. and Soto '04

m 0g(°57) and Og(1Sy) have been calculated on the lattice

Bodwin, Lee and Sinclair '05
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[0 Uses all lattice calculations available and NRQCD w-scaling for

Os(3PRy)

QWG5. DESY Hamburg - October 20 2007 — 13 / 18



Argonne°

NATIONAL LABORATORY

Two different extractions
m C (for continuum)

[0 Uses all the weak-coupling expressions available and lattice calculation

for 08(351)
m L (for lattice)

[0 Uses all lattice calculations available and NRQCD w-scaling for

Os(3PRy)

The two procedures give very similar results. We take the average as the final
value
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Error estimation

m C (for continuum)

m L (for lattice)
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Error estimation (RO B Ad<i>o><3s >>)
m 1 1

m C (for continuum)

0.18 <  ag(mpv) < 0.38
0.32 < ag(mpv?) < 1.3
0< Roges) <1.6x107

m L (for lattice)
0< Rogrsy) <4.8x107°
0 S R08(351) S 1.6 x 10_4

—24x 107" < Rpyep) <24x 107
—0.052 < Rp s,y < —0.035

Plus errors associated to higher order terms (v?) and experimental errors
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m  The results are rather insensitive to the values of Og(}Sp) and Og(? )

s Much more sensitive to Og(3S1) (but this matrix element is small
according to the lattice)

m The error in the final result is taken as the full range of the two
determinations
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N.Brambilla, X.G.T., J.Soto, A.Vairo '07

For comparison, the CLEO paper quote (T (15) data)

as(Mz) = 0.1114 £ 0.0002 = 0.0029 =+ 0.0053

errors are statistical, systematic and model dependence (Field vs. GS)
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our calculation, not Field)

N.Brambilla, X.G.T., J.Soto, A.Vairo '07

For comparison, the CLEO paper quote (T (15) data)
as(Mz) = 0.1114 + 0.0002 £ 0.0029 + 0.0053

errors are statistical, systematic and model dependence (Field vs. GS)

Recall, PDG average — as(Mz) = 0.1176 £ 0.0020
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Of course, if the new value is used in the average, the average
will move up
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A consistent and precise determination of ag can be obtained
from R,

Key ingredients of the new extraction

[0 Precise CLEO data

0 QCD calculation of the photon spectrum
[1 Recent estimates of color octet matrix elements

The new extracted value of ay shows better agreement with
the other determinations
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